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LQGHQWHU 7KH WHVW GDWD LV XVHG WR REWDLQ YLVFRHODVWLF PRGXOXV SURSHUWLHV DV D IXQFWLRQ RI
IUHTXHQF\ 7KH QDQR LQGHQWDWLRQ FRQWLQXRXV VWLIIQHVV PHDVXUHPHQW WHFKQLTXH EDVHG RQ
KHUHGLWDU\ LQWHJUDO RSHUDWRU GHYHORSV FRPSOH[ YLVFRHODVWLF PRGXOXV IXQFWLRQV ZLWK EHWWHU
DFFXUDF\FRPSDUHGWRFRQYHQWLRQDOGDWDIURP'07$)ODWSXQFKQDQRLQGHQWDWLRQLVDQRWKHU
WHFKQLTXH WR PHDVXUH WKH FRPSOH[ PRGXOXV RI OLQHDU YLVFRHODVWLF VROLG LQ UHODWLYHO\ ORZHU




HPSLULFDO IXQFWLRQ IRU WKH G\QDPLF PHFKDQLFDO UHVSRQVH RI YLVFRHODVWLF PDWHULDOV
DFFXUDWHO\GHVFULELQJWKHPHFKDQLFDOEHKDYLRUVLQIUHTXHQF\GRPDLQ-HIIUH\HWDOSURSRVHGD
QXPHULFDO FXUYHILWWLQJ PHWKRG WR DQDO\VLV '07$ GDWD ZKLFK FDQ EH GHVFULEHG E\ +1





YLVFRHODVWLF PDWHULDOV VXFK DV DVSKDOW FRQFUHWHV HSR[\ FRPSRVLWHV DQG
PXOWLIXQFWLRQDO YLVFRHODVWLF VWUXFWXUH (IIHFW RI IUHTXHQF\ DQG WHPSHUDWXUH RQ G\QDPLF





UHVRQDQFH  ZKLFK DUH DIIHFWHG E\ WHPSHUDWXUH DQG SUHVVXUH HVSHFLDOO\ IRU XQGHUZDWHU
FRQGLWLRQV8QGHUZDWHUDFRXVWLFPHDVXUHPHQWPHWKRGVKDYHEHHQGHYHORSHGWRGHWHUPLQHWKH






WXEH E\ XVLQJ &2062/ VROLG PHFKDQLFDO DQG DFRXVWLF PRGXOH LQ ZKLFK WKH DEVRUSWLRQ
ERXQGDU\ LVVLPXODWHGE\XVLQJ30/$QRWKHUQXPHULFDOPHWKRGWRFDOFXODWH WKHDFRXVWLF
SHUIRUPDQFH RI HODVWRPHUV LV E\ LQYHUVLQJ PHFKDQLFDO SDUDPHWHUV VXFK DV EXON DQG VKHDU





IRU PRUH UHDOLVWLF XQGHUZDWHU FRQGLWLRQV ,Q WKH SURSRVHG PRGHO D ILWWLQJ PHWKRG IRU +1
SDUDPHWHUVIRUDZLGHUDQJHRIIUHTXHQF\LVXVHG'LUHFWFDOFXODWLRQRIUHOD[DWLRQWLPHIURP
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ZKHUH E LVWKHFRPSOH[PRGXOXV E LVWKHUXEEHU\PRGXOXVLQORZIUHTXHQF\VWDJH Ef LV
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'07$ H[SHULPHQW ORVV PRGXOXV Ecc DQG ORVV IDFWRU WDQG DUH PHDVXUHG DV D IXQFWLRQ RI
IUHTXHQF\7KHFDOFXODWHGFRPSOH[PRGXOXVLVDOVRREWDLQHGEDVHGRQWKHLQLWLDOYDOXHVIRU+
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LQZKLFK TI LV WKH WHPSHUDWXUH WUDQVIHU IDFWRU  T LV WKH UHIHUHQFH WHPSHUDWXUHW DQG W DUH
WKH UHOD[DWLRQ WLPHV FRUUHVSRQGLQJ WR T DQG T  UHVSHFWLYHO\ C DQG C LQ (T  DUH
HPSLULFDOSDUDPHWHUVUHODWHGWRWKHUPDOH[SDQVLRQFRHIILFLHQWRQO\GHSHQGLQJRQWKHUHIHUHQFH
WHPSHUDWXUH T 
,I WKH UHIHUHQFH WHPSHUDWXUH T LV FKRVHQ DV JODVVWUDQVLHQW WHPSHUDWXUH WKH DSSUR[LPDWH
YDOXHV RI HPSLULFDO C DQG C SDUDPHWHUV DUH SURYLGHG E\ :LOOLDPV RWKHUZLVH WKHVH
SDUDPHWHUVQHHGWREHUHFDOFXODWHG7KHHPSLULFDOSDUDPHWHUVDUHUHFDOFXODWHGEDVHGRQQHZ
UHIHUHQFHWHPSHUDWXUH,WLVDVVXPHGWKDWWKHSUHYLRXVUHIHUHQFHWHPSHUDWXUHLVJODVVWUDQVLHQW
WHPSHUDWXUH T DQGWKHQHZUHIHUHQFHWHPSHUDWXUHLV MT T T ' 7KHHPSLULFDOSDUDPHWHUV
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,WLVZRUWKQRWLQJWKDWWKHHPSLULFDOSDUDPHWHUVLQ:/)VKLIWIXQFWLRQFDQEHWUDQVIRUPHG
ZLWK UHVSHFW WR UHIHUHQFH WHPSHUDWXUHV 7KH YDOXHV RI Cc  Cc IRU WKH GLIIHUHQW UHIHUHQFH
WHPSHUDWXUHV MT FDQ EH FDOFXODWHG E\ XVLQJ (T  LQ ZKLFK C  C DUH GHWHUPLQHG DW D
FHUWDLQUHIHUHQFHWHPSHUDWXUH T VXFKDVJODVVWUDQVLHQWWHPSHUDWXUH gT 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$GGLWLRQDOO\SUHVVXUHKDVDOVRVLJQLILFDQWHIIHFWRQWKHPHFKDQLFDOSURSHUWLHVRIHODVWRPHUV
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+HUH Cc DQG Cc DUHHPSLULFDOSDUDPHWHUVDWWHPSHUDWXUH MT DQGFDQEHHYDOXDWHGE\(T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7KH FKDUDFWHULVWLF LPSHGDQFH RI WKH ZDWHU FDQ EH H[SUHVVHG DV
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    3D VPwater waterZ cU  u  WKHFKDUDFWHULVWLFLPSHGDQFHRIWKHHODVWRPHUVSHFLPHQ
LV  specimen specimenZ cU   DQG WKH FKDUDFWHULVWLF LPSHGDQFH RI WKH DLU LV

  3D VPair airZ cU   UHVSHFWLYHO\
$IWHUPXOWLUHIOHFWLRQDQGWUDQVPLVVLRQEHWZHHQIURQWDQGUHDUOD\HUVRIWKHVSHFLPHQWKH
LQWHUQDOVSDWLDOVRXQGSUHVVXUH P WKHSDUWLFOHYLEUDWLRQYHORFLW\ v DQGWKHLQSXWLPSHGDQFH
inZ RIWKHVSHFLPHQFDQEHUHSUHVHQWHGDV

















w w     w w
   
³
 
    

       in x
B
p x Z A B AZ Z Bv x A B
A
 
   
 
$FFRUGLQJWRVRXQGSUHVVXUHDQGLPSHGDQFHFRQWLQXLW\FULWHULDDWWKHLQWHUIDFHDW x  WKH
FRPSOH[FRHIILFLHQWVRIVRXQGUHIOHFWLRQDQGWUDQVPLVVLRQDUHGHWHUPLQHGDV
      
     
 FRV  VLQ  FRV  VLQ
Z Z Z kd i Z Z Z kd
r
Z Z Z kd i Z Z Z kd
  
    
   
     

 FRV  VLQ
Z Z
t
Z Z Z kd i Z Z Z kd
     
)LQDOO\DFRXVWLFDEVRUSWLRQFRHIILFLHQWFDQEHH[SUHVVHGDV





XVHG LQ PHFKDQLFDO DQG DFRXVWLF H[SHULPHQWV 7KH VSHFLPHQ LV IDEULFDWHG E\ SHULRGLFDOO\
DUUD\LQJFRQLFDODLUFDYLWLHVLQWKHQHRSUHQHUXEEHUPDWUL[ZLWKODWWLFHFRQVWDQW PPa  
DVVKRZQLQ)LJ7KHDLUFDYLWLHVLQWKHVSHFLPHQKDYHGLDPHWHURIPPKHLJKWRIPP
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)XUWKHUPRUH WKH PHFKDQLFDO DQG DFRXVWLF UHVSRQVHV RI WKH VSHFLPHQ LQ ZLGH IUHTXHQF\
GRPDLQDWSUHVVXUHUDQJH03D03DZLWKLQWHUYDORI03DDQGWHPSHUDWXUHUDQJH&
&ZLWKLQWHUYDORI&KDYHEHHQSUHGLFWHGE\XVLQJWKHSURSRVHGPRGHO$VVKRZQLQ)LJ
 WKH VWRUDJH PRGXOXV ORVV IDFWRU DQG VRXQG DEVRUSWLRQ GHSHQG RQ WHPSHUDWXUH DQG














7KHVHQVLWLYLW\DQDO\VLVRIHQYLURQPHQWLQGHSHQGHQWSDUDPHWHUV LQ+1PRGHO LVXVHG WR
LQYHVWLJDWHWKHHIIHFWRIHDFKSDUDPHWHURQPHFKDQLFDODQGDFRXVWLFUHVSRQVHVZKLFKOHDGVWR
DEHWWHUIRXQGDWLRQIRUVWUXFWXUDOGHVLJQRIHODVWRPHUV
,QRUGHU WRFDOFXODWH WKHHIIHFWRIHQYLURQPHQWLQGHSHQGHQWSDUDPHWHUVD  E  E  Ef RQ
PHFKDQLFDO DQG DFRXVWLF SURSHUWLHV Ec  WDQG  a  LQFUHPHQWDO YDOXH RI HDFK HQYLURQPHQW
LQGHSHQGHQW SDUDPHWHU DUH VXFFHVVLYHO\ VXEVWLWXWHG LQWR +1 PRGHO E\ NHHSLQJ RWKHU
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